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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide rolling bearing 
parts in which the dimensional change and the reduction 
of hardness at a high temperature are prevented, the 
occurance of damage started from the surface caused 
by a low viscous lubricant or the like is prevented, and a 
long service life can be secured. 
SOLUTION: Any of rolling bearing parts 1,2 and 3 is 
composed of steel at least containing, as alloy elements, 
by mass, 0.6 to 1.3% C, 0.3 to 3.0% Si, 0.1 to 3.0% Ni, 
1.0 to 2.0% Mn and 0.3 to 5.0% Or, and when tempering 
is performed at a tempering temperature of 260 to 350° 
C, the content of retained austenite in the surface layer 
is£10vol.%. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are the components of anti-friction bearing which has a bearing washer and a rolling 
element. The components of said anti-friction bearing as an alloy element by mass % 3.0% or less 0.3% 
or more, for C Si 1.3% or less 0.6% or more The anti-friction-bearing components which consist nickel 
of steel materials which contain Mn 2.0% or less 1 .0% or more 3.0% or less 0. 1% or more, and contain 
Cr at least at 5.0% or less 0.3% or more, and are characterized by the surface amount of retained 
austenites being more than 10 volume %. 

[Claim 2] The anti-friction-bearing component according to claim 1 characterized by 1.0% or less 0.05% 
or more of V, and the thing of 0.05%or more less than 0.25% of Mo for which either was added at least 
by mass % as an alloy element at said steel materials. 

[Claim 3] The driving gear characterized by using an anti-friction-bearing component according to claim 
1 or 2. 

[Claim 4] In the roll means for supporting of the paper machine supported for a roll in housing by 
double row roller bearing, enabling free rotation the components of said double row roller bearing as an 
alloy element by mass % 3.0% or less 0.3% or more, for C Si 1 .3% or less 0.6% or more Roll means for 
supporting of a paper machine which consist nickel of steel materials which contain Mn 2.0% or less 
1.0% or more 3.0% or less 0.1 % or more, and contain Cr at least at 5.0% or less 0.3% or more, and are 
characterized by the surface amount of retained austenites being more than 10 volume %. 
[Claim 5] Said rolls are roll means for supporting of a paper machine according to claim 4 characterized 
by being a dryer roll. 

[Claim 6] Roll means for supporting of a paper machine according to claim 4 characterized by said 
double row roller bearing being self-aligning roller bearing. 

[Claim 7] In the roll means for supporting of the rolling facility supported for a roll in housing by double 
row roller bearing, enabling free rotation the components of double row roller bearing as an alloy 
element by mass % 3.0% or less 0.3% or more, for C Si 1 .3% or less 0.6% or more Roll means for 
supporting of the rolling facility which consists nickel of steel materials which contain Mn 2.0% or less 
1.0% or more 3.0% or less 0.1% or more, and contain Cr at least at 5.0% or less 0.3% or more, and is 
characterized by the surface amount of retained austenites being more than 10 volume %. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About anti-friction bearing, a driving gear, and roll means for supporting, it is 
easy to mix a foreign matter like transmission or a reducer, and use ambient temperature of this 
invention is also high, and, specifically, it relates to anti-friction bearing used for an application also 
with severe lubrication conditions, the driving gear using it, and roll means for supporting. 
[0002] 

[Description of the Prior Art] In recent years, by the automobile or the industrial machine, it is in high 
promotion of efficiency and the opportunity accelerated and miniaturized about a drive system for 
energy saving or protection of earth environment. For this reason, the power transmission device and 
support device which constitute this are increasingly used more on condition that an elevated 
temperature, a high speed, and the Takani pile. For this reason, the operating environment of anti- 
friction bearing which is the primary member of a support device is also an elevated temperature, a high 
speed, and the Takani pile. For energy loss reduction, lubricant becomes hypo viscosity more, metallic 
contact starts during use and a surface damage is furthermore easy to come for anti-friction bearing out 
of it. Moreover, degradation of a lubricating oil, mixing of wear powder, etc. start by prolonged 
maintenance-free-ization, and the operating environment has been still severer conditions for bearing. 
Therefore, the engine performance which cannot carry out the life fall of others and foreign matter 
mixing or thin lubrication easily is demanded of bearing. [ engine performance / which does not carry 
out a life fall at an elevated temperature ] 
[0003] 

[Problem(s) to be Solved by the Invention] At an operating environment which was mentioned above, 
by the usual bearing made from bearing steel, the dimensional change in an elevated temperature arises 
and a function cannot be secured. There is temper ****** in enabling it to use it at an elevated 
temperature at an elevated temperature further, it rolls by degree-of-hardness fall in this case, and a life 
falls. It is easy to be generated like a low degree of hardness, and surface damages produced as a result 
of the exfoliation from the indentation by foreign matter **** lump and the lubricating oil film 
becoming thin furthermore, such as peeling and smearing, cannot secure the engine performance of 
bearing. 

[0004] So, the purpose of this invention is to offer the driving gear and roll means for supporting using 
the anti-friction-bearing components and it which can secure a long endurance life under the conditions 
which the surface origin mold damage by foreign matter ****** and the lack of the lubricating oil film 
under the above high temperature services tends to produce. 
[0005] 

[Means for Solving the Problem] The anti-friction-bearing components of this invention are components 
of anti-friction bearing which has a bearing washer and a rolling element, and are mass % as an alloy 
element. 3.0% or less 0.3% or more, Si (silicon) 1 .3% or less 0.6% or more for C (carbon) nickel 
(nickel) is consisted of steel materials which contain Mn (manganese) 2.0% or less 1.0% or more 3.0% 
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or less 0. 1% or more, and contain Ct (chromium) at least at 5.0% or less 0.3% or more, and it is 
characterized by the surface amount of retained austenites being more than 10 volume %. 
[0006] With the anti-friction-bearing components of this invention, since it has the above-mentioned 
presentation, the surface amount of retained austenites can be made 10% or more by annealing at 230- 
degree-C or more temperature of 350 degrees C or less. Since this retained austenite is elasticity, it 
works as a buffer which prevents the stress concentration when biting a foreign matter. Thereby, since 
the stress concentration under foreign matter mixing lubrication conditions can be controlled, it excels in 
a rolling fatigue property and surface-damage-proof nature in a severe condition which also mix a 
foreign matter at an elevated temperature, and it can excel in an endurance life and reliable anti-friction- 
bearing components can be obtained. 

[0007] The surface amount of retained austenites was carried out to more than 10 volume % because 
under 10 volume % was not enough as the effectiveness as a buffer at the time of biting the foreign 
matter mentioned above. In addition, if the surface amount of retained austenites exceeds 20 volume %, 
since the problem of the precision fall by decomposition of the austenite in the time of elevated- 
temperature use will become remarkable, it is desirable that it is below 20 volume %. 
[0008] Hereafter, the reason for limitation of the chemical entity of anti-friction bearing of this invention 
is explained. 

(1) In order that C might secure reinforcement as anti-friction bearing about the content (1.3% or less 
0.6% or more) of C, it was an indispensable element, and since it was necessary to contain 0.6% or more 
in order to maintain predetermined temper, the minimum of C content was made into 0.6%. Moreover, 
since large-sized carbide generated and a rolling fatigue life fell when C content contains exceeding 
1 .3%, the upper limit of C content was made into 1 .3%. 

[0009] (2) It is because there is an operation which Si controls softening at the time of being exposed to 
an elevated temperature, and improves thermal resistance to have made the amount of Si contain 3.0% 
or less 0.3% or more about the content (3.0% or less 0.3% or more) of Si. At less than 0.3%, since the 
effectiveness was not acquired, the minimum of Si content was made into 0.3%. Moreover, although 
thermal resistance improved with the increment in the amount of Si, since the effectiveness was 
saturated and hot- working nature and machinability fell remarkably even if it made it contain so much 
exceeding 3.0%, the upper limit of Si content was made into 3.0%. 

[0010] (3) About the content (3.0%) or less 0.1%) or more) of nickel, while dissolving in steel and 
strengthening a matrix, when especially components are used under an elevated temperature, nickel 
controls the change of an organization in a rolling fatigue process, and also controls the fall of the 
hardness in a pyrosphere. Therefore, nickel has the effectiveness of raising the rolling fatigue property 
and surface-damage-proof nature under hot environments. Since nickel needed to be made to contain 
0.1% or more in order to acquire such effectiveness, the minimum of nickel content was made into 
0.1%). However, since a lot of retained austenites were generated at the time of quenching treatment, it 
becomes impossible to have obtained predetermined hardness and steel-materials cost also became 
expensive when nickel was made to contain exceeding 3.0%, the upper limit of nickel content was made 
into 3.0%. 

[001 1] (4) Mn improves the hardenability of steel materials about Mn content (2.0% or less 1.0% or 
more), dissolve in steel, and carry out toughening of the steel. Moreover, even if it makes an austenite 
stability at an elevated temperature and performs elevated-temperature annealing, in order to make it an 
austenite remain while making [ many ] retained austenite with nickel, the way of Mn with many 
amounts is advantageous also to a raise in toughness, and reinforcement. However, if there is too much 
Mn, it will bar lathe-turning nature and machinability, in order to strengthen a ferrite. Then, the 
minimum of Mn content was made and the upper limit was made into 2.0% 1 .0%. 
[0012] (5) Cr forms carbide about Cr content (5.0% or less 0.3% or more), and strengthen steel. The 
minimum of Cr content was made into 0.3% for acquiring such effectiveness. The upper limit of Cr 
content was limited to 5.0%) for preventing embrittlement by generation of large-sized carbide. It is clear 
that Cr also raises a rolling life property. 

[0013] Although it can be made the quality of the material which also stabilized retained austenite and 
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was excellent also in the rolling life "while surface softening is prevented and surface-damage-proof 
reinforcement improves in an operation of these alloy contents, even if a big temperature rise arises 
locally in a skid etc., much more improvement in a property can be aimed at by V (vanadium) of the 
amount of further the following, or addition of Mo (molybdenum). 

[0014] In the above-mentioned anti-friction-bearing components, preferably, it is mass % as an alloy 
element, and is characterized by 1.0% or less 0.05% or more of V, and the thing of 0.05%or more less 
than 0.25% of Mo for which either was added at least at steel materials. 

[0015] Thereby, a rolling fatigue property and surface-damage-proof nature can be raised further. 
(6) About V and Mo content (1 .0% or less 0.05% or more, less than 0.25% 0.05% or more), independent 
by a unit of less than 0.25% or having or more 0.05 made it contain by compound depends V 0.05% or 
more, and it depends Mo on the following reasons 1.0% or less. V combines with carbon, deposits 
detailed carbide, and it controls softening in an elevated temperature while it makes crystal grain 
detailed and improves reinforcement and toughness. Therefore, V has the effectiveness of raising the 
rolling fatigue property and surface-damage-proof nature under hot environments, like nickel mentioned 
above. In order to acquire this effectiveness, the minimum of V content was made into 0.05%. The 
upper limit was limited to 1.0% because machinability and hot-working nature would fall, if V was 
made to contain so much exceeding 1 .0%. 

[0016] Mo prevents tempering brittleness and also controls softening by the pyrosphere further while it 
improves the hardenability of steel. Therefore, it has the effectiveness that Mo also raises the rolling 
fatigue property and surface-damage-proof nature under hot environments. In order to acquire this 
effectiveness, the minimum of Mo content was made into 0.05%. Since machinability fell and steel- 
materials cost also went up when Mo content was made 0.25% or more, the upper limit was limited to 
less than 0.25%. 

[0017] In order to prevent the dimensional change in the use under hot environments by work of each 
alloy element mentioned above, even if hot tempering processing is performed beforehand, more than 10 
volume % is [ 58 or more HRC(s) and the amount of retained austenites of the surface section ] 
securable in the Rockwell hardness by surface hardness. Thereby, surface-damage generating lives, such 
as said rolling life (a clarification oil lubrication life and foreign matter mixing life), and peeling, 
smearing, can be improved. 

[0018] In addition, after forming a carbonitriding layer in the surface of such bearing, the bearing of an 
elevated-temperature specification can be further obtained also by carrying out artificial tempering 
which secures the amount of retained austenites of this carbonitriding layer more than 10 volume %. 
[0019] That is, if the nitrogen content of a surface layer is raised by carbonitriding processing, the Ms 
point (martensitic transformation initiation temperature) of a surface layer will become low, and if this is 
quenched, many austenites which are not metamorphosed into a surface layer will remain. Retained 
austenite has high toughness and a work-hardening property, and serves to suppress crack initiation and 
progress. Moreover, since a martensitic transformation is overdue and starts rather than the interior, 
compressive residual stress is formed in a surface layer, and the fatigue strength of the surface layer to 
which the Ms point fell of a surface layer improves. The field upon which nitrogen trespassed can raise 
tempering temperature from the case where he has no carbonitriding, as a result of temper resistance 
nature's (hardness's by temper and stability's over change of a microstructure) improving further, and a 
rolling life, peeling reinforcement, and its smearing-proof property also improve further while it is made 
to the specification which can be further used at an elevated temperature. 

[0020] Furthermore, by giving artificial tempering which carries out the amount of retained austenites of 
a carbonitriding layer to more than 10 volume %, high toughness can be given to a surface layer, crack 
initiation and progress can be suppressed, and it can be made the bearing equipped with the elevated- 
temperature specification from the endurance life. 

[0021] The driving gear of this invention is characterized by using the above-mentioned anti-friction- 
bearing components. Thereby, the driving gear excellent in the rolling life and the surface-damage 
generating life can be obtained. 

[0022] In the roll means for supporting of the paper machine which supports the roll means for 
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supporting of the paper machine of this invention for a roll in housing by double row roller bearing, 
enabling free rotation, the components of double row roller bearing are mass %s as an alloy element. 
3.0% or less 0.3% or more, for C Si 1 .3% or less 0.6% or more nickel is consisted of steel materials 
which contain Mn 2.0% or less 1.0% or more 3.0% or less 0.1% or more, and contain Cr at least at 5.0% 
or less 0.3% or more, and it is characterized by the surface amount of retained austenites being more 
than 10 volume %. 

[0023] According to the roll means for supporting of the paper machine of this invention, since it has the 
presentation and configuration as the above of double row roller bearing with the same components, the 
surface amount of retained austenites can be carried out more than 10 volume % by annealing by 
making tempering temperature into 230 degrees C or more 350 degrees C or less. Thereby, surface- 
damage generating lives, such as a rolling life and peeling, and smearing, can be improved. For this 
reason, even when water permeates into bearing and the lubricating oil film becomes thin by being used 
in the environment using water, a good peeling-proof property and a smearing-proof property can be 
acquired, and suppose that it is long lasting. 

[0024] In the roll means for supporting of the above-mentioned paper machine, a roll is a dryer roll 
preferably. 

[0025] Also in the dryer roll with which water tends to permeate by this, a good rolling life and a 
surface-damage generating life can be acquired. 

[0026] In the roll means for supporting of the above-mentioned paper machine, double row roller 
bearing is self-aligning roller bearing preferably. 

[0027] Since this self-aligning roller bearing is comparatively used by the low speed and large load in 
many cases, and it becomes empty, it is a lifting and bearing out of which slipping in the interior and 
relative slipping within a contact ellipse happen, and wear and a surface damage tend to come about an 
oil film piece, and it is suitable to use the bearing parts of this invention. 
[0028] In the roll means for supporting of the rolling facility which supports the roll means for 
supporting of a rolling facility of this invention for a roll to HAUJIN by double row roller bearing, 
enabling free rotation, the components of double row roller bearing are mass %s as an alloy element. 
3.0% or less 0.3% or more, for C Si 1 .3% or less 0.6% or more nickel is consisted of steel materials 
which contain Mn 2.0% or less 1 .0% or more 3.0% or less 0. 1% or more, and contain Cr at least at 5.0% 
or less 0.3% or more, and it is characterized by the surface amount of retained austenites being more 
than 10 volume %. 

[0029] According to the roll means for supporting of a rolling facility of this invention, since it has the 
presentation and configuration as the above of double row roller bearing with the same components, the 
surface amount of retained austenites can be carried out more than 10 volume % by annealing by 
making tempering temperature into 230 degrees C or more 350 degrees C or less. Thereby, surface- 
damage generating lives, such as a rolling life and peeling, and smearing, can be improved. For this 
reason, even when water permeates into bearing and the lubricating oil film becomes thin by being used 
in the environment using water, a good peeling-proof property and a smearing-proof property can be 
acquired, and suppose that it is long lasting. 
[0030] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained based on drawing. 
[0031] Drawing 1 is the sectional view showing roughly the configuration of anti-friction bearing in the 
gestalt of 1 operation of this invention. With reference to drawing 1 , anti-friction bearing 5 mainly has 
the inner ring of spiral wound gasket 1, the outer ring of spiral wound gasket 2, and the rolling element 
3. The rolling element 3 is supported possible [ rolling ] between the inner ring of spiral wound gasket 1 
and the outer ring of spiral wound gasket 2. 

[0032] Among these the components of a ring 1, an outer ring of spiral wound gasket 2, and at least one 
anti-friction bearing 5 of a rolling element 3 3.0% or less 0.3% or more, for C Si 1 .3% or less 0.6% or 
more by mass % as an alloy element 2.0% or less 1 .0% or more, for nickel Mn 3.0% or less 0.1% or 
more It consists of steel materials which contain Cr at least at 5.0% or less 0.3% or more, and when it 
anneals by making tempering temperature into 230 degrees C or more 350 degrees C or less, it has the 
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retained austenite more than 4 10 voliime % on a surface. 

[0033] Moreover, to steel materials, at least one of an inner ring of spiral wound gasket 1, an outer ring 
of spiral wound gasket 2, and the rolling elements 3 is mass % as an alloy element further, and its thing 
of 1.0% or less 0.05% or more of V, and 0.05%or more less than 0.25% of Mo for which either is added 
at least is desirable. 

[0034] At less than 58 HRC, precision degradation by a life fall or presentation deformation tends to 
break out for the application which requires a big load. However, since at least one of the inner ring of 
spiral wound gasket 1 in the gestalt of this operation, an outer ring of spiral wound gasket 2, and the 
rolling elements 3 has 58 or more HRC(s) in the Rockwell hardness by surface hardness by the above- 
mentioned presentation and processing, it can produce neither such a life fall nor precision degradation 
easily. 

[0035] Moreover, the anti-friction bearing 5 of the gestalt of this operation may be used for the 
equipment (a driving gear is called hereafter) driven with a gearing like the transmission 10 of a manual 
type shown in drawing 2 . 

[0036] With reference to drawing 2 , the anti-friction bearing 5 of the gestalt of this operation is used for 
support of an input shaft 1 1, a main shaft 12, the pilot shaft 13, and a counter shaft 14. 
[0037] In addition, this anti-friction bearing 5 may be any of a cylindrical roller bearing, a needle 
bearing, or a tapered roller bearing. Moreover, a driving gear may not be limited to the above-mentioned 
transmission, but may be a reducer etc., and if use ambient temperature is also used for a high 
application also with severe lubrication conditions that it is easy to mix a foreign matter, it is suitable for 
adoption of anti-friction bearing of the gestalt of this operation. 

[0038] Moreover, anti-friction bearing of the gestalt of this operation is also applicable to the double 
row roller bearing in the roll means for supporting of a paper machine, the double row roller bearing in 
the roll means for supporting of a rolling facility, etc. Hereafter, the case where it applies to those double 
row roller bearing is explained. 

[0039] Drawing 3 is drawing which illustrates the structure model of the four-step hot rolling mill at the 
time of applying anti-friction bearing in the gestalt of 1 operation of this invention to double row roller 
bearing. With reference to drawing 3 , this four-step hot rolling mill forms the finishing strand of a hot 
strip mill, and rolls out a work piece W with one pair of comparatively small work rolls 21 of a diameter 
(two or more sets are installed along hot rolling Rhine), and the comparatively big back up roll 22 of a 
diameter is arranged up and down, and it has the structure of preventing that bending by the rolling load 
Fw to a work roll 21 . Thrust Fr is given to the back up roll 22 with the pressurizers 23, such as a 
hydraulic power unit. Moreover, the pressurizers 24, such as a hydraulic power unit, are infixed between 
the up-and-down work rolls 21, and thrust is given with this pressurizer 24. Thick control of the cross 
direction of a work roll 21 and a work piece W is performed by giving bending deformation to a work 
roll 21 by this thrust. The axis end sections 21a and 22a of each rolls 21 and 22 are supported free 
[ rotation ] to housing 27 and 28 by the double row roller bearing 25 and 26, respectively, and housing 
27 and 28 is supported by the rolling stand S, respectively. 

[0040] With this operation gestalt, 4 train circular-cone roller bearing is used as double row roller 
bearing 25 which supports axis end section 21a of a work roll 21, and 4 train cylindrical roller bearing is 
used as double row roller bearing 26 which supports axis end section 22a of the back up roll 22. 
Moreover, in order to support the comparatively small axial load which acts on the back up roll 22, 
comparatively big 2 train circular-cone roller bearing 29 of a cone angle is arranged in the side of 4 train 
cylindrical roller bearing 26 of one axis end section 22a. 

[0041] The components at the time of the above-mentioned double row roller bearing 25 and 26 or 2 
train circular-cone roller bearing 29 etc. 3.0% or less 0.3% or more, for C Si 1.3% or less 0.6% or more 
by mass % as an alloy element It has 10% or more of retained austenite on the surface by consisting 
nickel of steel materials which contain Mn 2.0% or less 1.0%) or more 3.0% or less 0.1 % or more, and 
contain Cr at least at 5.0% or less 0.3% or more, and annealing by making tempering temperature into 
230 degrees C or more 350 degrees C or less. 

[0042] Drawing 4 and drawing 5 are the fragmentary sectional views expanding and showing the 
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sectional view and bearing which show the configuration of the dryer roll of the paper machine at the 
time of applying anti-friction bearing in the gestalt of 1 operation of this invention to double row roller 
bearing. 

[0043] With reference to drawing 4 , a dryer roll consists of a cylinder-like roll drum section 31 and one 
pair of roll neck sections 33 and 34 which have the end plate 32 which seals the both ends of the roll 
drum section 31, and each roll neck sections 33 and 34 are supported free [ rotation ] by the self-aligning 
roller bearing 35 of a double row. The steamy installation tubing 36 for carrying out internal heating of 
the dryer roll is piped through one roll neck section 33 at the core of this roll drum section 31. The water 
which the steam which many holes 37 were formed in steamy installation tubing, blew off from these 
holes 37, and heated the roll drum section 3 1 condensed is pumped up by the pumping vehicle 38, and is 
discharged outside with the drain pipe 39 which the roll neck section 33 let pass. 
[0044] With reference to drawing 5 , self-aligning roller bearing 35 has 44 at the slack type time of the 
double row held free [ rolling ] by the cage 45 between the inner ring of spiral wound gasket 41 which 
has the orbit 40 of a double row in a peripheral face, the outer ring of spiral wound gasket 43 which has 
the spherical-surface orbit 42 in inner skin, and an inner ring of spiral wound gasket 41 and an outer ring 
of spiral wound gasket 43. Fitting of the outer ring of spiral wound gasket 43 is carried out to the inner 
skin of housing 46, and the inner circumference side is used as a taper hole, and fitting of the inner ring 
of spiral wound gasket 41 is carried out to the roll neck section 33 through the taper sleeve 47. This 
taper sleeve 47 is fixing shaft orientations with the nut 48. Bearing by the side of the roll neck section 34 
also has same composition. 

[0045] At the inner ring of spiral wound gasket 41 of this self-aligning roller bearing 35, an outer ring of 
spiral wound gasket 43, and the time, components, such as 44 3.0% or less 0.3% or more, for C Si 1.3% 
or less 0.6% or more by mass % as an alloy element 2.0% or less 1 .0% or more, for nickel Mn 3.0% or 
less 0.1% or more It has the retained austenite more than 10 volume % on the surface by consisting of 
steel materials which contain Cr at least at 5.0% or less 0.3% or more, and annealing by making 
tempering temperature into 230 degrees C or more 350 degrees C or less. 
[0046] 

[Example] An example and the example of a comparison are explained below. 

(Examples 1-9) The rolling life which performed the below-mentioned hardening tempering processing, 
peeling, and the test piece for smearing on-the-strength evaluation (example 1- in Table 1 6 and 9) were 
prepared by being made from the steel which has seven kinds of chemical entities shown in Table 1 . 
Moreover, the test piece (examples 7 and 8 in Table 1) which performed carbonitriding processing was 
also prepared for the steel materials shown in examples 1 and 3. 
[0047] 
[Table 1] 
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[0048] After heating the test piece which does not carbonitride at 800 degrees C - 850 degrees C, it is 
tempered into an oil, surface hardness is 58 or more HRC(s), and it is annealed so that the surface 
amount of retained austenites may become more than 10 volume %. In some the examples, heating 
before hardening was performed in the carburization nature ambient atmosphere where ammonia gas 
was added, and carbonitriding processing was also performed. Also with what performed carbonitriding 
processing, annealing which secures the surface amount of retained austenites more than 10 volume % 
was performed. 

(Examples 1-12 of a comparison) The test piece (examples 1-4 of a comparison in Table 1) which 
carried out hardening tempering processing of the steel which has two kinds of chemical entities which 
separate from high-carbon-chromium bearing steel SUJ2 and SUJ3 and the chemical entity range of this 
application was prepared. Moreover, the test piece (examples 5-7 of a comparison in Table 1) which 
performed carbonitriding processing was also prepared for some steel materials containing SUJ2 shown 
in the examples 1-4 of a comparison. The test piece (examples 8-12 of a comparison in Table 1) which 
carried out hardening tempering processing of the steel which has five kinds of chemical entities which 
furthermore separate from the chemical entity presentation of this application was also prepared. 
[0049] About the test piece sample of the above-mentioned example and the example of a comparison, 
rolling life test (high planar pressure conditions and elevated-temperature + foreign matter mixing 
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conditions), the peeling trial; 1 and the smearing trial were carried out. 
[0050] The outline of each trial and the result are as follows. 

(1) Rolling life test rolling life tests of high planar pressure were the conditions of high planar pressure 
and a heavy load rate, tired the sample accelarative and were evaluated. It examined by the following 
test conditions. Measurement size N was set to 10 and this trial estimated fatigue strength from L10 life 
(count of a load which can be used without damaging 90% of a sample). 
[0051] 

- test piece dimension : the outer diameter of 12mm, and die length of 22mm and a partner a shot - 
dimension : The diameter of 19.05mm, contact stress Pmax:5.88GPa, and load rate : A test result is 
shown in Table 2 by /46240 times. 
[0052] 
[Table 2] 
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[0053] The example of a comparison performs annealing of same a maximum of 300 degrees C as what 
carried out temper at usual 180 degrees C, and an example. The result of Table 2 shows that a life falls 
remarkably in 300-degree-C tempered article of the example of a comparison. A life is longer than the 
examples 1-4 of a comparison which carried out temper also of what carried out temper at 300 degrees C 
by the example on the other hand at 1 80 degrees C ? and the examples 5-7 of a comparison which carried 
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out temper at 180 degrees O after carbonitriding processing, and made retained austenite 20% or more. 
Carrying out carbonitriding processing, the examples 7 and 8 which secured 10% or more of retained 
austenite tend to become still longer lasting irrespective of 350-degree C annealing. Although the 
example 9 of a comparison shows a longevity life equivalent to an example, it is high carbon material, 
and since many big carbide deposits, difficulty is in workability, the below-mentioned foreign matter 
mixing life, and a peeling life. The example 8 of a comparison from which it separates in a low carbon 
side rather than the presentation range of this application is a short life. 

(2) The test piece of the foreign matter mixing trial heavy-gage plate in an elevated temperature 
investigated the foreign matter mixing life on condition that the following. 

[0054] 

- Monotonous : An outer diameter phi 52, thickness t25 (mm) 

- Partner : 1 / 4 ceramic balls (three pieces) 

- contact planar pressure: -- 6.5GPa and rotational-speed: - 2000rpm (it is 3000cpm at a load rate) 

- Lubrication : Si oil system heatproof oil, an oil bath, 25 cc and a foreign matter : A degree of hardness 
HV 800, the size of 30-50 micrometers, the amount of 0.0 lg and temperature : 200-degree-C test result 
is collectively shown in Table 2. 

[0055] The result of the elevated-temperature rolling life ratio of Table 2 is expressed with the ratio to 
the life of SUJ2 reference standard. This result shows that the toughness over a foreign matter of the 
example of a comparison is lost, and it is a short life since reinforcement falls at an elevated temperature 
and retained austenite is lost. Moreover, when carbonitriding processing is performed to the example of 
a comparison, the life is prolonged, but this performs 180-degree-C temper, and at an elevated 
temperature, since a dimensional change becomes large, this specification cannot be used, an example — 
each — the more than twice of the example of a comparison — it is long lasting. The thing (examples 2 
and 3) especially with many amounts of retained austenites is long lasting. 

[0056] The carbonitriding article of an example shows the about 3 times as many life of the example of 
a comparison as this irrespective of carrying out artificial tempering. 

[0057] Although the examples 9, 10, and 12 of a comparison show the longevity life, this is high C, high 
nickel, and the effect of high Cr. These cause the rise of cost, and aggravation of workability and 
especially high C and high Cr steel have difficulty in the below-mentioned peeling reinforcement. 

(3) The foreign matter mixing life was investigated on condition that the following using the tapered 
roller bearing 30206 of the foreign matter mixing trial following in bearing. 

[0058] 

- Bearing : 30206, a bore phi 30, an outer diameter phi 62, bearing-width 17.25 and a load : 17.64kN and 
the number of rotations: 2000rpm and lubrication : Turbine oil, oil bath oil supply, oil quantity, about 25 
cc and a foreign matter : A degree of hardness HV 800, the size of 100-180 micrometers, amount 0.4 g/L 
and temperature : 60-degree-C test result is collectively shown all over Table 2. 

[0059] The result of Table 2 shows that the thing of an example has a life of 3 times or more compared 
with the example 1 (SUJ2) of a comparison. Moreover, although high C and the examples 9 and 10 of a 
comparison of high nickel are long lasting also in the example of a comparison, these have difficulty in 
workability. 

[0060] In addition, although the tapered roller bearing is used in this experiment, it is presumed easily 
that effectiveness with the same said of a ball bearing or a cylindrical roller bearing is seen. 

(4) A peeling trial peeling trial uses as a driving shaft the test piece of the shape of a ring which has 
loose curvature in a body, attaches a follower shaft parallel to this driving shaft, presses the cylinder side 
of both test pieces mutually, and rolls it. The dimension of each test piece is made into the diameter of 
40mm, height of 12mm, and the subradius of curvature of 60mm of a body, and grinding finishing and 
the cylinder side of a follower shaft side test piece are considered for the cylinder side of a driving shaft 
side test piece as mirror plane finishing at the granularity of Rmax3micrometer. Peeling reinforcement is 
estimated by the rate of peeling generating area of the follower shaft side test piece cylinder side at the 
time of test termination. This peeling trial was performed by the following test conditions. 

[0061] In addition, the thing of a sample of the same kind was used for both the test pieces by the side of 
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a driving shaft and a follower shaft as a pair. 
[0062] 

- The maximum surface roughness of a test piece : 3.0 micrometers (driving shaft side), 0.2 micrometers 
(follower shaft side) 

- Contact planar pressure Pmax : 2.3GPa and lubricating oil : Turbine oil VG46 and driving shaft 
rotational speed : 2000rpm and the total rotational frequency : A test result is combined all over Table 2 
4.8x105 times, and it is shown. 

[0063] As for each test piece of an example, the result of Table 2 shows that the rate of peeling 
generating area shows the peeling reinforcement which is less than [ the base of 2%, or it ], and was 
excellent. On the other hand, each test piece of the example of a comparison has a big rate of peeling 
generating area of 3 times or more of an example in the standard heat treatment article. Although peeling 
reinforcement of the thing of the example of a comparison is improving by carbonitriding, he has no 
carbonitriding of an example. Moreover, in the examples 9 and 12 of a comparison, since it is easy to 
come under high C and the effect of high Cr out of big carbide, these become a source of stress 
concentration and reinforcement is falling rather to local minute crack initiation like peeling. 
[0064] In addition, in the example 9, since it is easy to come under the effect of Quantity V out of big 
carbide, the rate of peeling generating area becomes somewhat high. 

(5) A smearing trial smearing trial rolls similarly two ring specimens of the same configuration as a 
peeling trial using the same equipment as a peeling trial. In this trial, the rotation drive of the follower 
shaft is carried out with constant speed, and it differs from a peeling trial in that it accelerates a driving 
shaft gradually from a follower shaft and uniform rotation. Moreover, it differs from a peeling trial in 
that the same surface roughness Rmax3 micrometer as a driving shaft side test piece is made to the 
cylinder side of a follower shaft side test piece. Smearing reinforcement is estimated by the velocity 
ratio of the driving shaft at the time of smearing occurring in the cylinder side of a test piece, and a 
follower shaft. The smearing trial was performed by the following test conditions. In addition, the test 
piece of the pair which slides was made into the thing of a sample of the same kind also in this trial. 
[0065] 

- The maximum surface roughness of a test piece : 3.0 micrometer and contact planar pressure Pmax : 
2.1GPa and lubricating oil : Turbine oil VG46 and driving shaft rotational speed : From 200rpm to by 
[ lOOrpm ] accelerating / follower shaft rotational speed : A 200rpm fixed test result is collectively 
shown in Table 2. 

[0066] The result of Table 2 shows that, as for the test piece of an example, smearing generates neither 
to the big velocity ratio of 1 .3 times or more to the example 1 of a comparison. On the other hand, if 
artificial tempering of each test piece of the example of a comparison is carried out, smearing will have 
generated it in about 70% of speed difference of an example. Moreover, although smearing-proof 
reinforcement will improve a little if it carbonitrides for the example of a comparison, it is still less than 
an example. 

[0067] Neither peeling nor smearing can produce each test piece of an example easily, and each above 
test result shows the outstanding rolling fatigue property being shown and having the engine 
performance suitable for the application which runs short of the rolling components accompanied by the 
skid and tangential force which a surface damage tends to produce, and lubricating oils. 
[0068] It should be thought that the gestalt and example of operation which were indicated this time are 
[ no ] instantiation at points, and restrictive. The range of this invention is shown by the above- 
mentioned not explanation but claim, and it is meant that all modification in a claim, equal semantics, 
and within the limits is included. 
[0069] 

[Effect of the Invention] As explained above, according to this invention, in anti-friction bearing used 
under the conditions which the surface origin mold damage by foreign matter ****** and the lack of 
lubrication under a high temperature service tends to produce, a longevity life can be secured and the 
dependability of machine elements, such as transmission, a reducer, a paper machine, and a rolling mill, 
can be improved. 
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Mo ( * y yf-'y ) waant «k 0 -JBofttt r&Lha'Hit 
4. 

[0014] JJE^#01«*ftt:J3Vvc#4 l< 
tt, ^A5aRt UMXt, 0 . 0 5%W± 

1. OMJlTOVtJ.ktfO. 0 5%iiLt0. 2 5%*jf| 

4. 

[0015] ZtltzX 0, !g»:!£3>mtt£W«MMI1t 
££<c> Crtl ±8*4 £ t 4 . 

(6) V. MoMi (0. 0 5%JU±1 . 0%& 
T\ 0. 0 5%tLhO. 2 5%*8t) fcoWC 
V£0. 0 5K13Ltl. 0%OT, MoJO. 0 5&± 

0. 2 5%5fe8M^#ffl4fc(4fl[-&T**S*)tWti, 

jW*ffla«tt^(6j±§*4^ss-*-r4. i<^»**» 

Sfcfcfc, V-^i^TESSrO. 0 5%fc Lfc. JiHSr 

1. O^CIRgLfc^ti, 1. 0%Sri8i-CV5r^«tc 
*«*4fc, «HiJttfcMPltt* { ffiTt4*^T'S) 
4. 

[ 0 0 1 6 ] M ot±. jB<^ftWltt*SE»t & t t 

■t4. uctfot, m o i>-&mmTT<omm&%im 

n&tlMZ, Mo*«<0TPH*0. 0 5%fcL^. M 
o 5- 0.25 %JS±fc-f 4 fc Mi'Itt^'ffiT L . 
oijftax h ti#t4W, ±RSJ 0 . 2 5%*»fc 

[0017] ±JfiLfc«^A7E«<0*#t:J: *) , 16WM 

<r>m.L^mim^tixh, mmx-wr^xim 

fti&l 0*«%W±Sr5lft-r4^i#t'#4. C*iKJ: 
Sr[6]±-f4it* J i:-#4. 

[ 0 0 1 8 ] =Sri>, d^^WttS^BtflUKS^W* 



[0019] -rari^ ?5Raft«HT*iBJi<oa*^ 

SfflBOMsA (^/^rVlM 
Slffiltt, v;i^yiN WW 0 bgtrctt* 

tt) *<-«i*i±i-*tt«, «niaK*auwaft*u<o« 
[ o o 2 o i s <5>tc, \mm.\m<m^~x^A v 

4£ 1 0tt«%«±it&i«S*3!M§*t.r hKcfc 0. 

[oo2i] *iiB^oiEf)^ati, ±ia^!E* { o«isa5 

[0022] #&Hj^#»$l^uwl.£^»^ 
■ft#, ^HRfc C Sr 0 . 6%&± 1 . 

3%ot, si^o. 3%a±3. o%ar. nij 

0. l%jy±3. 0%mT\ MnSrl. 0%Jjlt2. 0 
Cr£0. 3%&±5. 0 %ElTC^fc < i 

1 OftmOhT* S £ fc £*5® fc-f & . 
[0023] *jra<0JMS«^n-/PS«ailtt: J:*i 

Sr#t*fc*>, M5f L&££ 2 3 0'CJ3Lh3 5 O'CWT 
t LT MM L £ff =5: o Z b Iz X 0 ^Mcomm-X x-f 

o , fc «w tr- y > ?*?x s r y zco 
$mmmwm&*fa±.-t& zbtfx-% & . ;ofc*>, 

**Btt*j j tra* s r y yrm&U z b **c& 

[0 0 24] JJE^IStton-^S^JIKKfcv^-Cif 
[ 0 0 2 5 ] itite J: 0 t^-fv >h* 5 -f 
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[0026] JJeo#*S«<oowl^^Hfcfcv>T# 

& t<i/t^ mmz mgrfsmm-bz bmtx-hh . 
[0027] znuimbzbwt&u itrnmim, * 
nm?&m znzzbtf^ ^^mwti t &z i w 
< , fr^mx-m o *?mmmx<7)m% o t>mz 

[0028] *»»0fflSftffl^a-;^i6B(i > a 

1. 3%OT, Si^O. 3%&Lk3. 0%«T, Ni 
S-0. 1%W±3. 0%VXF, MnSrl. 0%&±2. 
0 %WT. C r Sr 0 . 3 %ULh 5 . 0 %WFX"Jf% < b 

[0029] *»»0fflERffll<On-;|/S»SiIt J:#l 
*#t*Jt«>, «ML.SJKS:2 3 0'CJilb3 5 0'CtlT 

h*^ i otm%a±iz-t&zbwx-z&. ztazz 

0, CiMNr, fc<J:tA'h--yy^A57yy^i:'0 
0m»Bm&Xto* z b * 5 t'# h . z <ntt*>^ 

7\<zmmmx'mzti&zb ci ^m^mz^mx 

[0030] 

[ o o 3 1 3 0 1 tt, *«%o-lt»<?)JB«fc:*jtt*e 
^OWSE^liJRSIMfWfcTirfBriill'C**. @1S:# 
HBLT, C^OttKStt, rtlftl fc, ^Hfe2fc. 
3fcfc±fc«-LTV^. K»lft3tt, rt»lfc*M*2fc 

[0032] £*lt«rtlftl, ?(-ffe2fcJ:^«Kl*3cD 
^< fc fc l-ocolfe^OlftgSOSJMi, iii&jtmb I 
XM&%X\ C^0. 6%ULhl. 3%&T\ Si * 
0. 3%y±3. 0%OT> Ni^O. l%ULh3. 0 
%J31T, Mnfcl. 0%W±2. 0%OT> CrS-0. 
3%ljl±5 . 0%OTT^< t t#*-r^^ffcJ: D=5r 
0, tmii&^2 3 0°C&±3 5 0VaTbLXjm 

Lt'ntcitzb ^izmmiz i ofrm%&±?>mm-x 
[0033] ttz, flsu ft^&xvmhmw 

%<bi>l ott, Mtt S fefcr-^aRk LT®«% 
T\ 0. 0 5%JJLL1. 0%lilTWVfcJ:V0. 0 5% 
Oh 0 . 2 5 %*»<0 M o ffyytc <bi>\ vftifrtWta 
ZixX^ZZbtflRtLW 



[0034]HRC5 8*jf Tti, ^JtlS* 5 ^*^ 

J: 0*ffiS$T'D -y^x/WBSHRC 5 8fcLtfc*L 

[ 0 0 3 5 ] al^OtWJEJmKOC^OIKSli, 
k *Jf 0 2 fcTjcf V-a7/lo$<D h y VX X >y x a > 1 

[0036] 12 £#EIIT. ^fecO»«<0$g#9» 
£5 14, ^77b^7M 1, T^h7°-yh^-Y7 
M2 S AMn7fyt7M3fcJ:W^-yt 

[0037] a*, c^iE* t »)«g5u. 

fflu fc OT&*U4'^JfetoJ»)IE# 0 *6£o& 
[0 0 38] *fc, 9 #tf 

[ 0 0 3 9 ] 03 (4, *»«^-IOtO«llttJttft« 

1 O 4 HffiiaESMUtfc k * tf, * y b 7, h >J «/ 7* 5 ^ 

oft±tr* h 9 > k ^^^-r 6{.©t( sftraE® 5 -f > 

*O±TfcSg0>ifcR«*& 4A 7 77 -y Tn-A- 2 2 

2«i?iffiga^k*cr)J[lJ^a2 3CJ:^TJfffi^F r 

fi& k'?»§£g 2 4 jWHK $ *iT 0 , £ OjDff gfi 

2 4K4oTffEEfl*<*;i4>*i*. £tf>#ffi;M;:4-?T 
7-7n-/P21fcftlfS9g£-5-*.l>.rkT' , 7-7n- 

D-^21, 2 2^tlJ§gfl2 1 a, 2 2 a(i**l^*ia 
5"JC:^liS2 5, 2 6T'A'7y ; >-7'2 7, 2 8K*fl/C 
EHES4fc£J$SfU WW^ll^ 2 8(i*:h/Wi 
D-/U77 y H s (cjd9*<i4 . 
[0040] ZCD$mMmX-te, "7-7 n-;l/ 2 1 ffM 
m2 1 a*j»H-4S5ij;««g2 5 k LX4mPtt 
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a2 2a*S*H-S«50i*«S2 6fcUT4«R|f5; 
^ttStfttJHSfrCt**. /N*-y7r>y7*D-;k2 
2(c#ffl-rsJt^hS^rJfvY;«Sr^-fl»7t 
— ^TCOtt«g|52 2 acD4?ijn®^-?>ttg2 60il^ 

[004 1] iJE^aWi ^WS 25,2 6 *?2fmt 
^Z*>m%2 9<?>Z?>%i:<D8&Shli. %&KMt LTK 
*%T\ CSrO. 6%£Ltl. 3%JilT\ Si 1:0. 3 
%iiLh3. 0%OT. Ni£0. 1%&±3. 0%& 
T, Mn*l. OKJ3UL2. 0%OT, CrSrO. 3% 

«SMUflJ££2 3 0"ClJLh3 5 omFfc LT*5tSL£ 
d £ k T'HJltc 1 0 %W±<onm-ZT~H h £ 

[0042] 04 *S 4tf05l4, **B*o-iat<^JB 

ttjtt 6C3&« o tta^awc: mmzMR Lizmm 
5rfe7c ix ^-tmmmmx'h h . 

[ 0 0 4 3 ] 04 fc*Hl/C , H 7-f -Vn-;Wi, R^i 
«<?3D-;H!S|J3 Ik, d-^R»3 1 OMS^ ffitf 
6#HR3 2fc*f*lW«)o-/P*^^»3 3 N 3 4 4 
0^9, #n-/M-y 73533. 3 MPmnWtMi 
i**K3 5TI5WBeftK36»S/iT^I.. d^a-;k 

yxJD^^A«3 6*«, -*<0a-/^«y^»3 3ta 
LTB»3*iTV**. KBM»A«K«IHR<0?L3 7*«» 
ttfefi, i*ifeOJL3 73&»4>i«ajLto-/HHa31fc 
WftL^SW*»BLfc*l4, 8Ti5±{f ^> 

^ o-/^>y7SR3 3t:Si$n3t»^Mf 3 9TJMWC 

[0 044] 05^#B3LT. @ijiS'CC^ttS3 5 

a, ^Btis?ijo»ia4 o**-r srtH4 1 k, rtra 

ffi(C«ffi«l3i4 2*#TS3Mft4 3 k, rt«4 1 kJMft 
4 3k<9iaTflM$84 5{C4 0<6»i*K«firS<Xfca 
?iJ<7)#SO-^4 4k$rWL-t^l» <> mi4 3(4/n<7^ 
y^4 60rt«ffltcK^$Ji^ F*Hfe41t4. ^OrtUfflil 
**r- ^TLk $ix, A"?n-M -y 7SS3 3 lct-^« 
U-7'4 7£:fi-l.TB:£$ft-a^. :«f-^UiJ- 
7"4 7(it -y h4 8-Cittrrt*fflgLTV^. D-/M- 
■y 7 SP 3 4 ilOttSSC H«0« dcfc* -a T V ^ . 
[0045] i^g»»CC*(Mf35tf)rtllfc4 1, i-h 
(5143, < I'M4&k"<Og|3 I 5Mi, ^7cSk UT«*% 
T\ CSrO. 6%M±l. 3%VLT, SiSrO. 3%W 
±3. 0%1UT, NiSrO. l%V±t3. 0%V.T, M 
ntl. 0%ULk2. 0%OT, Cr*0. 3%Ot 
5 . 0%JaTT'^< k t*#t4»H4 9&9, 
LiBS* 2 3 om3 5 CCWTk LTMSLSrff^ 
3 £ k X-miz 1 0ftm%tt±.<Dn%*-*Ti-'( h t 
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[0046] 

m, t- y yy^ x s r y y ^£iHSfflK»fr ( « 



[0047] 

[HI] 







«■ 


%) 




c 


S J 


Mn 


C r 


N 1 


V 


Mo 


JMMl 


1.2 


1.0 


1.5 


1.5 


0.8 




0.2 




tmm?. 


0.8 


0.5 


1,7 


1.4 


1.5 


o.g 






1.2 


1.2 


1.1 


2.5 


2.5 






JUM4 


1.1 


1.5 


1.1 


1,2 


1.5 








1.2 


1.0 


1.4 


1.6 


0.8 


0.9 






1.1 


1.0 


1.4 


1.5 


1.2 




0.2 




1.2 


1.0 


1.5 


1.5 


0.8 




0.2 


£U 


*»0i8 


1.2 


1.2 


1.1 


2.5 


2.5 






&SE0U9 


1.2 


1.0 


1.3 


1.5 


0.8 


1.2 






*t««1 


1.0 


0.2 


••f 


1.5 








£L 


mm 


1.0 


0.5 


1.0 


1.0 








tt8fl3 


1.0 


1.0 


0.5 


1.5 










1.0 


1.0 


0.5 


2.0 






0.5 




1.0 


0.2 


0.5 


1? 












1.0 


1.0 


0.5 


1.5 








J:tttfl)7 


1.0 


1.0 


0.5 


2.0 






0.5 


Jt**0 8 


0.5 


1.0 


1.5 


1.5 


0.8 










1.4 


1.0 


1.5 


1.5 


2.3 








1.0 


0.8 


1.1 


o,L 


-LL, 








1.1 


0.9 


1.3 


0.2 


0.J> 






2 


1.0 


10 


1.3 


5.5 


0.8 







[0048] immtLtc^m&ftte. s o o-c~8 5 
v±kt%&xoi,z®miuci>cDX'foz . -&<ommm 

(JtWl~l 2) Kf8R;?nA|ttggHSUJ2, SU 
fc s u J 2 £*OHKfl*H*fc«J^I^*ll Lfctt 



J&AftMH LfcttlW ( iS 1 4>^ibKCT8 - 1 
2) ifflSUc. 

[0049] jjESHtwa «fc x/itrnicomk^ryy^ 
tcowt. fclWtfrtSifc (SnBJEE*frtiJ:tfSS+»lii 

[0050] &f^O«gi!S£teOT<0iI 0 "CfcS . 

( i ) unBEoeswiftfsti* 

iteffofc. £*>KB?tt» IfVTVHftNfclOfcU 
*5&au*S: L 1 0#ife (-9->r;K^)9 0%tf«SL$rU 

affirms ) -cmsttz. 
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[00 5 1] 

• IS8tfv+& : 2mm, ^$2 2mm 
•mmm^m rttSl 9. 0 5mm 

* JgfcMtfjPmax : 5. 8 8GPa 



• ft#$Jg : 4 6 2 4 0 E/# 

[0052] 
[fS23 



rN 111 



>\ 85 \p 

11* 



St 



2*i 



In Bjlt 

So" 

31 - x 



5 p 



oo 




s 



8 



8 



§ 
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00 ~ 



8 



LO 



CM •— 



s 



S3 



Sd8 



[0053] iUMffliSfflftf) 1 8 0 'CT'MM Lfc fc <T> 
t>OT*4. ^tfHSIU:'}. ifc«#l<D3 0 0°C^ML 
Wtli 3 0 0-CT-MM Ltz t, «DT'1> . 1 8 O^TttR L 



!t Jtw i -4 *k mmmmmmz 1 s o vx-mm i 

xmm~^Ti--t h £2 0%fcLtfcLfcJtttW5~7 
J:9i*fe«\ S&afltfftaU 10mJ:*>SN? 
*-Xt~)-4 h*^U:£ttW7fcJ:tf8l±3 5 0'C 
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( 2 ) m&Tcommxmk 

Ktz. 

[00 54 J 



*Mi*5 2, Wfft 2 5 (mm) 
1/4*757^(31) 
6. 5GPa 

2 0 0 0 r p m ( %Mm&X'3 OOOcp 



■m 

■ tmrnm ■. 

■ wfcfflg. ■. 

m) 

• Wfc : S i ii&Bi&lfK 2 5 c c 
•Sft :HKHV800, lMX30~50Atm. 
MO. Olg 

• ffig : 2 0 0"C 

[0055] H2 (vmmmiHsyQnmmt s u j 2s 

T'£>£ .It 4fc, ftWic?5^g"fM£Jfe 

tfc*^i*HMiBtfTv>6# % £*itt 1 8 ox;*R«: 

[0056] mMMvm&mit^mi&mmuzfrfrjb 
btimmco 3 f&sav^#&* ix . 

[00 57] JtK0l]9, 10. 1 2J2**fe£^lX^ 
iftttSfC, SNi. ~&Cr0)%WX'h&. Ztl 

c r mitm&n tr- y > x$$£icft#& s . 
( 3 ) inst'osaaAe^i 

Tie^n«i^WS3 0 2 0 6 Tie<93#T-#S 
[00 58] 



(■17. 



: 30206. 
25 



»3 0, *f-@«6 2. «i 



• ffifi : 17. 6 4 k N 

• 2 00 0 rpm 

• : ?-t*>ii. ffl&teffl. flUL ^2 5 c c 
•JW* : SSHV800, -t-fXl 00~1 80,u 
m, 10. 4 g/L 

•OA : 6 0°C 
ttgttl&£$ 2 + KflHJx ^-r . 
[0059] m2<r>&%£ *) . HjtWWtOlllfcttWl 
( S U J 2 ) KJt^T 3f&ia±^8»«-*i-|) i fc A**. 



4fc, ttKWO«fTt>KCtiSN i?)JtWJ9. 

i oii^m^x'hitK ztiutmx&mmz>. 

[00 60] 4£W-CttPMt£$iK*flftvo^ 

t>ti&Zbli.®$ttzm%Ztih. 

(4) e-'jyXf£i& 

t- y y tnsmt. mmzm>fr%m$i?t & y v 
sitibtox-ki. zmixmmz. ie@4 0mm. 

iSS 1 2mm. B®fflC08>mm¥'&6 0inmbZiX, 8? 
W«lOfiifiiWt<on«iBtt Rma x 3 n mWM S fcSfffltt 

v-vyy&mi, tzmimmmmmmw 
0>v-vy?fk£am*xwBZtii. arcoMm^ 
x-z cot- o yytmtft^tz . 

[006 1 3 3*. iB»«fI*3 JttWMHlaPIKItft- 
[0062] 

■ tmXMkKttmZ : 3. O^trn (BUttfl) . 

o. 2um mmmm) 

•tSSiffiffiPmax : 2. 3GPa 

:^-h'>fflVG4 6 

■ HBtWIEItejSft : 2 0 0 0 r p m 

■mmm. -a. sxio^e 

[0063] $20$ r> . mmow&ms.. wf 

t>*). mitt- y y^m&^-tzt^h^h . - 
^. jt*Md^*Ki)w-«. &wf*mm&x'immm(V3 
wj±?>±*%v-vyrm!mmz%'>x^t. jt 

fc, JtR«9, 1 2T'ii«C. »Cr<OKMiT**=a:U! 

yycox o zm&mm^&comiiztj ix uttr 

[ 0 0 6 4 ] ^^J9T1iiSVcO^S-CA#^ 

(5) ^STU^^KMfc 

T . f- 'J y 4Wfefc P-^Kco 2 r><r> 'J >^«KIUt 
R t ^ffiffl $Rmax3/xm iZ&±lf ktlh A h t°- 'J 

yymtmzz. x^ruymmt. mmxopm 
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[0065] 

: 3. O^m 
•ffttffiffiPmax : 2. lGPa 

:^-t*>?fiVG4 6 
• : 2 0 0 r p m*><c, 100r P 

■ nmmmm&ig ■. 2 0 0 r P m -jg 

[0066] £20tSJU: 0 , UttfflaKttmi, Jt« 
fl 1 fc» LT . wffM, l . 3 ffifJJLhO* 1= 

ST 'J y LK^Zt tfhfrh . itm 

WVHmfrlt . & t HSfiCTcO 7 0 

[0067] £Lb^)«tlMS« J: 0 . 33tft04MRltft- 

[0068] ^m^iitzmmmmaxr/mmmii 
■fKx <D&xm^x'fo o xuwtWz i> coxit^ ^t%t 

t>ii?>K$ xh h . *«BB««Htt±IB UzffifiXli* 

<xmffl$mmiz£-?xfjkzti. wmm^mt 
mmma t vmmft xv-tkx o^ma^ ttiiz 

[0069] 



a, &m#Tfr-omm&*-*mm-&izz?>mia 
jimmm. ts^frTTfflv > octets 

[HHOfSm^f^] 

[01] *^^-Hf^^{:fc{tl»!|£* { D«iS^ 

[023 xmn-mmco&mizmmtf'omz 

tSMWrBBTC**. 

[03] *IKB<0-iett<OJI»Bit*iJt*C* t, )««* 

aw; $ttw=awj Lra§£o4 sjxyaBEKtiafli&e 

[043 *mn-mmcDBmtzmhm iy )m:z 
mzm^zmmLtz^mmm k 54 -vn-^ 

<y)«J&£^-f Brffi0"CS) S . 
[05 3 04c9tt^£&*LT*t^#»rffl0T'& 

1.4 1 2, 4 3 9m. 3 <g|&fls s 5 

tfOWS. io h^y^s-yv-ay. ii -fxr? 

h-/+7h, 12 7>7hr«y h*/-\»7K 13 ^>f 
D'yFH7h. 14 ^-)y?-yt7h, 21 7 
-?n-;k 2 2 y\'>y^r«yTO-;k 2 1a, 2 1 
b 2 5, 2 6, 2 9, 35ffl\ZbW%. 3 

1 D-JMP*, 3 3, 3 4 n-;W*-y?». 4 4 
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[11] [03] 




(51) Int. Cl. ' UftQIE* FI (##) 

F 1 6 C 13/02 F 1 6 C 13/02 

19/28 19/28 
19/38 19/38 
33/34 33/34 
33/62 33/62 
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F 3J101 AA13 AA15 AA16 AA32 AA43 

AA44 AA52 AA54 AA62 BA70 

EA02 FA31 GA36 GA60 

3J103 AA02 AA13 AA41 BA09 DA05 

DA07 FA14 GA17 GA55 HA08 
HA32 

4L055 CF01 CG14 EA29 EA32 FA19 
FA30 
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